
—-
.

.-‘.

.

.
...—-

— -.
.—

_. .==.: .,A. ..- T.”;”.. ..”

.

LIFT-AND DRAG CEMR#2TERISTIGS OF A CABIF MONOPLAl@
.

-----

D~TEF2&D IN FLIGHT
●

By F. L. Tho,rnpso~.and P, EL “Keister
Langley Memorial Aezcm=tical Lab~ra~~w

.-
..—

——

—-

* 5...: ,
.

.

>.
* .,

‘i

. .-

Washingtm ,

January, 1931
-..

--——- --—

,-. . .

.*

.

—-----



. . . . . .

NATIONAL ADVISORY COMKITT!EEFOR AERONAUTICS
. .

LIFT AND DRAG CHARACTERISTICS OF A CABIN MONOPLANE

DETERMJXED IN FLIGHT

By F. L. Thompson zmd:P: H. Keister..,. .. . .. ,$’.’“,.

.
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.,,, ...

summary .,. . .

The results of flight.testsconducted by the National”

Advisory Committee for_Aeronautics to determine the lift and

dra& ch~tiicteristicsof 5 full-sc~e airplahe are gitienherein. —

A F~iZ”ChildF!2-2W2cabin inonoplanehavihg a G8ttingen”387 fdng~

sec”ti’on:W&us”edfor the-’tests.:
*

THe:maximum lift coefficien~for the airplane iscompared .-J.

with that’obtained for the G8t’t.iEgen387 airfoil in”recent tests
—-—

in the VOiable Density Tunnel: The meximm lift co”;fficient

for the airplane was found to b&l*50 snd that for “theairfoil

1.56. Although the flight tests”were confined chiefly to glides

with the propeller locked .ho~izotit~ly,data obtained with ”the

propeller operating titzero thrust for a-few ~les of attack

are slso Included. Th’e”mostimptirtantfeatuTe of a comparison

between the results ottained with the -prbp”ellerlocked and

propeller’rotating is th&.tthe”-differe’ntiein’overall drag agrees

very well”with that fc~nd’for the’.lockedpropeller in tests with
b

the airplane mounted in the ‘PropellerResearch Tunkel.
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Introduction

Measurements of the lift and drag characteristics of a ‘

—
●
✎✎✎

—

,-
:

full scale,cabi:nmonoplane have been completed recently at the

Langley Memorial Aeronautical Laboratory of the National Ad--

visory,Committee’for Aeronautics, Langley F’ield,Va* An air.

foil of the section used on the airplae has been tested recently

in the Variable Density Wind Tunnel, and it is possible to co=

pare the qaxi~m lift coefficient obtained for the airfoil with
. .

that obtained in flight for the complete airplane=

Lift, drsg, and angle of attaak were determined by direot

measurements of the gliding angle, dymmic, pressue, and atti-
●

tude of the airplane in steady glides (Reference 1). The lift

and drag characteristics,were established for angles of attack
v-

between -2° and +21° with the propeller locked in.a horizontal

position. The data obtained are tabulated, and are also she%
—

by means of the ususllpolar d$agram and cuxves of lift and drag

coefficients versus angle of attack. ——
.

In addition to tests with the propeller locked, glides at

angles of.attack of -1°, 5°, and 11°
,-

wete made with the propel-

ler operating.at approximately zero thrust. The reason for

making these,additional,tests was that, in connection with the . “...

use of this latter method in previous tests, some doubt has

been expressed regarding the exactness with which the effect of
.-

the propeller is eliminated by this methodi
.@

An’e-ssential.phase
..

#
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of this part of the program was a determination of the drag of

the locked propeller and the propeller thrust chsxacteristics

by means of tests with the complete airplane mounted.in the Pro-

peller Research Tunnel. Although the results obtained with the

propeller rotating are strictly second~y unimportance, they
.,,

are believed to be sufficiently important to warrant inclusion

herej.n+. . ,

Apparatus and Kethod 1. .,

The airplane used for these tests (the Fairchild FO-2W2)

fs shown in Figures 1, 2, and 3. It is a closed-cabin high-”

wing monoplane having a gross weiat of approximately 4700 lb.

as flown in these tests. ‘Ithas a “G~ttingen387 wing section

with tips rounded ~d slightly tapered, as show in Figures 2

and 3. The win= span is 50 feet; chord, 7 feet; area, 336

square feet; and aspect ratio (=)> 7.4. The area includes .—-

the area between the wing roots that-is assumed by the fuselage.

The angle of incidence of the wings is +2.6°,with respect to the

thrust aJCiSa

Propeller locked._ Dynamic pressure and gliding angle were

recorded with the N.A.C.A. flight-path-angle and air-speed re-

corder (Reference 2), which

the airplae. The &gle of

N.A.C.A. recording pendulum

three control surfaces were

was suspended about 90 feet below

the wing chord was recor~ed with an

inclinometer. The positions of the

recorded with an N.A.-C.A.control
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position recorder (Reference 3).

Glides, with the propelle~ locked in a horizontal position,
.,
were made at altitudes between 10,000 and 4,000 feet. Records

of 30 secondsduration were obtained at various-indicated air

speeds from the stalling speed of 60 m.p.h. to 140 m.p.h.
—

The

glides were made with the horizonta stabilizer in one position

(angle of incid-e with respect to thrust axis = +.9°). Control

at and beyond maximum lift was obtained by installing ~ laxge fin
-.

and rudder, shown in comparison with the standad surfaces in

Figure 4. Tests were made that established the~fact that no

appreciable
-.

increase in drag accompanied the installation of —.
● —

this additional tail str~cture. The &!&g of the suspended re- “ ‘ ‘~

cording instrument was established by direct measurements in R

glides vith’”thesuspension cable attached to a spring balance
—

and angle indicator.

The lift and drag coefficients for the airplane we”re
—___,

found by use of the expressions
.—u

ard

, ..

vhere W is the total

T. the recorded

q the recorded

. .

CL

W.sin w-d’
% = qs .-

.— -.
g

—

-.

weight .ofthe airplane dwing a glide,
.—

gliding angle, ‘
— . . —

. .
dynamic pressurej’

.-—— .,. .. 4

S the.tot,al,wing area of 336 squ-ae feet;
d-

and d the dr~ of the suspended instrument. “-

---.
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The tigle ‘ofattack,’.a, is given

‘u”= A- Y

“No.362

by

5

where A“ is the r“ecorded”at~”itudeangle of the wing measured

from the horizontal. -

Prdpell’eroperatirig’at zero thrust.- Before any flight tests

were madejth’e dlsg of the propeller locked horizontally and a

portion of the thrust curve for the propeller were determined

with the

Tunnel.

over-all

complete ai.’rpl’anemounted in the’.Propeller”Research

The propelle~’drag.was determined by”the difference in’

dr~ with aridwithout the propeller ’in place. The

thrust curve was established for values of V/nD near that for.

zero thrust. The tunnel tests tiere’:madewith the thrust axis
.

parsllel to’the air stream; thus the,angle,of attack of the
,.. .

0
-.

wings wm 2.6 . ..
. .

The procedure followed in gliding was essentially

same as that employed with the propeller :ocked except

the

that

it w~s necess~y to adjust the propeller speed to ~pproxi- .... . .
mately the proper value for zero thrust for each gliding speed

and to obtain additional data from which the actual V/nD.,. . .
attained could be calculated. The actual thrust developed in

flight was calculated from the known dynsmic pressure, Vjnn ,

and thrust characteristics. It was added algebraically $0 the
. .

appaxent drsg of the sirplane calculated from the wei~ht m.d .—
b

gliding ax@e. .. . ..
●
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In addition to ‘thedynamic pressure, the data required for ,

a determination of V/nD and thrust were air temperature, static

pressure, and propeller r.p.s. The air tempe~:aturewas measuxed ~

with a stem thermometer attached to a wing strut. The static !
.

air pressure was determined with an N.A,C.A. r~cording altimeter,

which is a recording aneroid unit, or by means of visual obser-

vations of the indicating altimeter with which the airplane was

regultily equipped. The propeller r:p.s: was_determined from

visual observations of the engine tachometer. All of the@
#

instruments were calibrated.

. .

Accuracy

The accuracy of the flight-path-angle and air-speed re-

corder was investigated in flight. The alignment of this

instrument with respect to the relative wind,

a reference for the inclinometer element, was

limits of 3.1° by means of level flight runs.

the atr-speed element was checked by mea.nsmf

which establishes

determined within

The accuracy of

timed flights over

I

L.

. ,-

bz

,

,.

, ..:

.-

.

‘.

.—.

—

a measured course. The accuracy with which true dynamic pressure

was established In these flights was within about ~1 per cefit.

The air-speed element was found to be accurate within these lim-

its. The above values refer only to the consistent errors in

the instrument, however, and not to the accidental errors which 4

tie indicated by a dispersion of experimental points. The
4



.

I

.

N.A.G.A.’Technical Note No. 362 y

.

other important instrument, the inclinometer used to record the
.

attitude of the airplsme, is believed to be subject only to

accidental errors.
t

It should be mentioned that the effect of downwash on the

alignment of the flight-path-angle and air~peed recorder was

investigat-ed. Calculations show that at the probable position

.-
. of that instrument when the airplane was.developing maximum-.!
..

lift, the downwash angle was about 0.2°. Further calculations

show, ‘howe%er,that.variations in downwash angle with lift
● J

coefficient were nearly compensated by v~iations of instrument
.
position with air speed. Therefore, since the actual d-ig~en~

.
‘. of the instrument was established for the conditions covered in

letielflight trials (lift coefficients of-approximately:.62 and*

.47), and since there appeared.to.be.no appreciable difference.

in ~he alignment for tlnoseconditions, it is”concluded that

errors caused by downwash angles at”all ar@es of attack can be

neglected.

- In addition to the above mentioned sources of error, the ‘

weight.and, with the propeller rotating, the calculated thrust

should also be considered. The weight for each glide (the -.

initial weight minus an estimated weight of fuel consumed) is

probably in error by less than fi per cent. The total thiust

corrections were so sm,ll that the effect of errors in c~cu-

lated thrust can be neglected.

— .

——



.

8 N.A.C..A. Tec@ic&l. ?JoteNo,.362
,—

Accidental errors in dynamic pressure sad angles are prob-

ably the chief cause of the dispersion ,ofpoints on the curves.

It is evident from the ima,nnerin which the lift and drsg coef-

ficients are calculated that “errorsin dynamic pressure affect

both coefficients equally, but that errors in gliding angle

affect only the~r~ coefficient appreciably. Angles of attack

are SU>@3.t to the sum, in degrees, of errors ~ flight path

and attitude,.amgles~.Al,thoughthe dispe~sion of points indicatxzfi

that the ‘aoc-$denta,lerrors are fairly large, their effect on the

faired curves.is belteved to be nearly eliminated by reason of

the large number ofexperimentd points obtained. The probable

limits-o,fac~uracy of the faired c~vesare believed to be as

followq:lift coefficient,~ per cent; drag coefficient,:3

per

are

.ce.nt,;,angl;e’sof attack, &.3°. . .-

Elevator sng~es, values for which are tabulated.herein,

~obably ac?o.uratewithin ~l”.

.. .. . Results ---- -.

Prqdbr locked.- “Thedata obtained with the propeller—
locked tie given in Table 1. Lift and drag coefficients versus

,.
angle of attack are shown in Figure 5, The cu2ve of L/D shown

in the same figure w& obtained from the faired CL and CD

curves. The polax di~ram ‘isshown in Figure 6.

—.
b

-“

-,

—

a“

,
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Figure 5 shows a maximum lift coefficient of 1.50 at an

angle of attack of approximately 16°. The”slope”of the lift
,.

curve varies slightly throughout. The”~ata of ~able I show
..

that the”increase in angle of attack beyond that‘for m~im~
J.

lift Was accompanied by’a sh=p increase ifi-fl%ht-path SJ_@e

.

... :

without an appreciable change in attitude.‘ fi ex&mple of the

manner in which the airplane responds”to a step-by-step in-

crease in elevator deflection at haximuh lift is shown by runs

251a, b, ‘&d’c at’the iid of “Tabl:I; It is Worthy of note

that all the ei@ri”nent51 p“oinisfor angles of a~tack greater
. . .

than”approximateely”’””1’3°

—

wefe“obtained with the “aidof the large
,.

fin and’tiddef.
. . . . . . .

.“ :-/”- ‘
,. ,.

In Figure”7, the lift curte for t~e’aifilane”i~ shovfiin* .
“11”’”’’”’”

comptiison v~lththat obtained for the”“Go~ting”en38~,airf”oilat
,#. .

full-scQe Reynol’dsNu%ber. ‘“Therairfoil te-itS“ were made recen{-
,.

ly jn the new Variable’Defisity~ind Tunnel with a“”pblished air-

fGil of rectangular form and aspect ratio ~ (~eference 4).’ The
.-e.. .-..

maximurrcoefficient for.the” ai”rfoilis About 4 pek’cent higher
,.

than that for the complete aiipl&le.‘ Calculations show that at
,,

maximum lift there is prob~ly a doini”loadon’the tail of the
. .

airplane equal to about 1 per ceiit’of the tot$l tieight. It iS”-

possible, therefore, that the’max’im& “lift’’.’c’oefficient for the
,,

airpltie wing is slightly”greate~”thti’that for khe comPlete
D

airplane, ad that the actual’‘d’iffGiefice~et~7eefithe m~im~

lift coefficients for the airfoil and actual airplane wing is
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less than 4 per cent.

Propeller rotating.- The results obt~ned with the propel-

ler rotating are shown in Table 11 and.J?igures=8and 9. Ourves —.
obtained with the propeller locked are included in theBe figures

b -
for comparison. Fi~re 8 shows that-in addition to the differ-

ence in drag for the two conditions, there is also an appreci-
..

able difference in.lift. It is possible that the difference

shown is at least partially due to experiment&1. inaccuracy,
. . .

psxticulaxly at, 4.,5°angle of attack. However, it should be

noted that the difference shown at 10.5° angle of attack w-

verified by check runs that were made for both conditions after

the difference in restits was first obsexved. Since lift and

drag are both affected, the difference in dr~.shown by t-he

polar diagrams appeazs to be g$eater than that shown by the

curves of drag coefficient vprsus angle of attack, except at.

low angles of attack.

In the wind tunnel,

of 2.6°, the drag of the

to a drag coefficient of

.—. .

with the wing at an angle of attack

propeller was found to be equivalent
-. .-

---J

0

t

—

.

.
.-

.

.

*._

—

—.

.

.0124, whereas the difference between

the two drag curves determined in fligh,tis .0105 at this angle.

of attack. The discrepancy is small compared with the total
. *~’--

drsg coefficient (about 2.5 pex ceht), and can probably be”

attributed to experiment&1 inaccuracies. It is concluded, “
4

4
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.
therefore, that the effect of the propeller was practically

eliminated in the tests conducted with the propeller rotating.

r Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Vs., January 13, 1931.
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(pfqoller IOohd).

TIT
deg. deg. deg.

35 + 0.4 - 5.0 + 7.4
a? - 2.0 - 6.7 + 4.5

- 4.0 - 7.1 + 3.1
% - 7.d -8.4 + ..!
42 +L2.s -11.7 -1.2

531-15.el-13s1-2.0

g : ;.: - 6.9 + 9,E
-“7.0 + 9.8

56 + 1:1 - 6.7 + 7.a
57 - .1 -6.7 + 6.e
68 -1.9 -8.7 + 4.8

- 6.!2+ 3.9
8? :M3:: -11.7 - 1.1

7 + 6,4
#

- 7.7 +13.1
7 + 3.1 - 7.0 +10.1
70 + .5 -6.7 + 7.a
7a - .1 - 6.8 + 6.5

8; + 5.4 -7.4 +la.8
86 + a.r3- s.a + 9.4
6s -1.7 - 6.7 ● 5.0

.03+ 4.7 -6.9 +11.6

.04+ 4.1 -6.9 +11.0

.m + a.a : :.; : ;.:

.06-1.4
,03- 5.0 - 7:6 + a:5

la + 6.5 - 7.7 +13.a
.13+ 4.s - 7.4 +Ia.s
,:4+ 4.0 - 7..0+11..o
.:$::.: - 7.4 +12.7

7.8 +la.o
,% : ::: :6.9 +10.6

. - 6.s + 9.s

Ill
8a-la.3 -u.+ - .9
63 -15.6 -13.8 -1.8
24 -1S.8 -1.1.6- l.a
w -m.s -14.1 - a.a
36 -la.e -1.L.7- loa

86 + 5.5 -7.6 +13.0
86 + 5.9 -7.7 +13.6
32 + 5.s”- 7.3 +18.6
35 + 5.s -7.6 +13.1
Z4 & 5.s -7.6 +13.5

II
38 + 6.5 - 7.6 +13.1
40 + 3.8- 7.1 +L1.o
Cl + 2.8 -6.9 + 9.6
16 -6.4- 6.S + 1.9

48 + 5.1 -7.4 +la.s
w + 4.a - ?.a +LL.5
52 + .8 -6.7 ● 7.s
53 - .1 ::.: ::.:
54 - a.o
35 -3.1 - 6:9 + S:6
36 - 9.a - S.6 + ,4
Ya -16.9 -X4.3 ,-1.6

LLL
17 + l,a ? ~.j ~ yg
16 -S8-
!9 - 7.6 - 8:7 + 1.1
m + 1.6 - 6.6 + a.a
)1-4.1 - 7.9 + 3.1
la- 7.7 - 8.S + 1.1

‘“I
Kaigb
bmfoz

00s sin nigh
r T

t-t

,.
lb.

.W34 .XL49 474a

.683a .L167 474a

.86as .L836 474a

.W63 .1461 4742

.979a 8036 474a

.s707 Jima 473a

.69X6 .laol 4733

.8aas .3218 473a

.aaaa .1107 4932
,6938 .1167 4762
,883a .1167 473a
,*”W .ml 473a
,swa .2uaa 473a

,6810.1340 4728
,8aa5 .lals 472d
,w3a .1167 4786
,8234 .L149 4786

1“w17 .IS98 474P
,Ww .KW1 4748
!8832.i167 474a

,6886.Lam 4?s1
8886 .1801 47s1
W25 .Ials 4731

X :;%: f;%

473a
4?38
47s9
4736
473s
4739
47s9

6a03I.L877 474a
9713 .a3a5 474a
87W .80U 474a
66W .242a 474a
976a .WW %748

wli .lW6 4738
3810 .1340 4738
9s10 .3873 4738
wla .1323 4738
b$!ma.1383 4738

a83a ..13a3 4739
aaa3 .la364739
0686 .laol 4739
3695 .1444 473a

3817 .L868 4737
aa16 .1.a71 4737
Ww .U,67 4737
?634 .L148 4737
awo .1184 4737
Baa .1801 .4737
Mm .3668 4737
%82 .a465 4737 I

)623 .1167 473a
isal .1853 4736
t6a5 .L51s 473a
1834.U49 4736
)833.L853 4766
m8a .1s30 472S, I

T
rol#tt Dy-
dming

Lift i.
w L JU’SBI

q

46s 4660 1s.:
463 w 16.6
46% Wo 19.$
4850 46rxl 88.E
4610 4515 36.s

4832 4402 4aos

4664 4631 12. a
4654 4688 ui. a
4664 463a 13.5
4654 463a 14.7
48a4 463a Moe
4W4 463.0 la.a
461e 45aa 38.b

4636 4525 9.9
4639 4605 11.8
4638 4605 13.6
4586 4W5 14.6

#76 46ti 10,4
4676 4640 13.6
40?8 4646 16.6

4674 4640 10.6
4574 4840 10.8
4674 4640 38.5
4674 464s 16.1
464a 4605 8L.6

46n 4630 9.8
46?1 4630 10.1
4671 4635 n.a
~; ;&& ::.;

4337 4605 10:9
4600 4E56 u.a

46E& 4s60 38.4
4658 45W 47.7
m 4LU0 36.1
Mol 4464 46.0
4Ma 44Kl 3S.7

46m 4630 10.4
4570 4630 10.1
4670 4630 10.5
C8n 4665 Io.a
4687 4m5 9.9

bsw 4685 10.3
4666 4630 11.0
i866 46241 11.6
LSaa 4576 as.a

Low 4615 10.5
MS5 46L6 L1.1
i603 4570 13.8
1803 4570 15.1
Leo3 45m 16.8

;g ~: $.:
.

J__L
k3a6 4w5 13.0
Baa 4580 1’+.7
*a6 4575 27,5
W4 4555 Lao
S36 4W0 la.?
!586 4538 87.5

?m2 Litt hag xL,-
ly Omf. oo~f. ntor

OL OD
tq:-

Rourk#

e

lb. deg. fZOE stub.[

517 1.04a .1158 +7

em .5L7 .07s9
913 ,.348.qfwl -:

.wa] .8801.04781-4

606 1,381 .1880
649 1.16a .136s
635 1.@07..1149
51a .9aa .1043

W6 1.3a5 .187s
545 1.086 .LW6

.83a .cxua

411
6471.303 .1635
547 1.26? .1494
554 1.lM .1319

.867 JJ878
566 .637 .C61O

6:1 1.420 .1875
5S7 1.366 .1734
553 1.a3a .1470
5s8 1.3.54.17L6
574 l.wo .lsla
541 1.a57 .1476
SW 1.113 .U&

366 .353 .0686
368 .a6a .c#7a

.34s .0667
368 .677 .C860
368 .334 .m73

M 1.360 .1668
nl 1.365 .1800
576 1.31a .164a
597 1,336 .1740
5871.37a .17W

Ma 1.336 .1735
3611.253 .1516
3$41.168 ,n7a
147 .541 .0764

ia41.3C9 .1656
W’?1.867 .L547
MO 1.WO .llw
ill .@x .1006
!86 .664 .Owo
S4 n:; .~ha
‘?0
,04 .27a :cS6a

L1-1
iM 1.050 .LL86
56 .s93 .0644

.4!36.07&5
C& 1.04;.$:;

al :49a :0737

+7
+2

+:
+a
o

+[
+F
+f
+4
+Z
-3

+14
+10
+8
+6

+14
+s
+3

+la
+11
+7
+s
+a

+14
+12
+11
+14
+3.3
+10
+8

-3
-s
-5
-6
-3

+14
+15
+13
+14
+14

+14
+11
+9
o

+1s
+JJ
4-5
+4
+a
+a
-
-i

.
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Y

TsAgbt *l 19
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*

:: *ql, +. .qp y 8$ ‘~;. ~ ‘y’= LiLfl%=-;. %;

~

&g: deg. alas. ~D . lb. lb. lb. lb/gq,fLlb.

I
&J::.::;.;:lJ.;.Saa3.12744746 lo6 “a 48m I.o.l 6W

m + 4:8 - 7:3 +ll:s
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